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Abstract
HIV/AIDS and food insecurity are two of the leading causes of morbidity and mortality in sub-
Saharan Africa, with each heightening the vulnerability to, and worsening the severity of, the
other. Less research has focused on the social determinants of food insecurity in resource-limited
settings, including social support and HIV-related stigma. In this study, we analyzed data from a
cohort of 456 persons from the Uganda AIDS Rural Treatment Outcomes study, an ongoing
prospective cohort of persons living with HIV/AIDS (PLWHA) initiating HIV antiretroviral
therapy in Mbarara, Uganda. Quarterly data were collected by structured interviews. The primary
outcome, food insecurity, was measured with the Household Food Insecurity Access Scale. Key
covariates of interest included social support, internalized HIV-related stigma, HIV-related
enacted stigma, and disclosure of HIV serostatus. Severe food insecurity was highly prevalent
overall (38%) and more prevalent among women than among men. Social support, HIV
disclosure, and internalized HIV-related stigma were associated with food insecurity; these
associations persisted after adjusting for household wealth, employment status, and other
previously identified correlates of food insecurity. The adverse effects of internalized stigma
persisted in a lagged specification, and the beneficial effect of social support further persisted after
the inclusion of fixed effects. International organizations have increasingly advocated for
addressing food insecurity as part of HIV/AIDS programming to improve morbidity and mortality.
This study provides quantitative evidence on social determinants of food insecurity among
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PLWHA in resource-limited settings and suggests points of intervention. These findings also
indicate that structural interventions to improve social support and/or decrease HIV-related stigma
may also improve the food security of PLWHA.
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INTRODUCTION
HIV/AIDS and food insecurity contribute substantially to morbidity and mortality in sub-
Saharan Africa (Masanjala, 2007). There are an estimated 33 million people living with
HIV/AIDS (PLWHA) worldwide (UNAIDS, 2010), and in Uganda the prevalence of HIV
among adults is approximately six percent (Uganda Ministry of Health, 2006). Food
insecurity, defined as having uncertain or limited availability of nutritionally adequate food,
or as being unable to procure food in socially acceptable ways (Anderson, 1990; Radimer,
Olson, Greene, Campbell, & Habicht, 1992) is also highly prevalent in resource-limited
settings. In 2010, 239 million persons in sub-Saharan Africa were classified as
undernourished (FAO, 2010). Nationwide estimates of the prevalence of food insecurity in
Uganda are not available, but household surveys suggest it is widespread (Bukusuba,
Kikafunda, & Whitehead, 2007).
Both HIV/AIDS and food insecurity are intertwined in a vicious cycle, with each
heightening the vulnerability to, and worsening the severity of, the other (S. D. Weiser,
Young, Cohen, Kushel, Tsai, Tien et al., 2011b). HIV/AIDS affects food insecurity
primarily through its corrosive effects on household economic viability, given the loss of
wages when a family member’s disease course worsens and the high price of funeral
ceremonies for family members who have died as a result of the disease (Chapoto & Jayne,
2008; Hosegood, Preston-Whyte, Busza, Moitse, & Timaeus, 2007; Yamano & Jayne,
2004). Poverty has been consistently recognized as a risk factor for food insecurity (Alaimo,
Briefel, Frongillo, & Olson, 1998; Lee & Frongillo, 2001; Maes, Hadley, Tesfaye, &
Shifferaw, 2010; Nelson, Brown, & Lurie, 1998; Normen, Chan, Braitstein, Anema, Bondy,
Montaner et al., 2005; D. Rose, 1999a). In turn, food insecurity is recognized as a key
determinant of reduced adherence to HIV antiretroviral therapy (ART) (S. Weiser, Wolfe,
Bangsberg, Thior, Gilbert, Makhema et al., 2003; S. D. Weiser, Tuller, Frongillo, Senkungu,
Mukiibi, & Bangsberg, 2010) and a range of adverse health outcomes, including declines in
physical health status (S. D. Weiser, Bangsberg, Kegeles, Ragland, Kushel, & Frongillo,
2009a; S. D. Weiser, Tsai, Gupta, Frongillo, Kawuma, Senkungu et al., 2011a), decreased
viral suppression (S. D. Weiser, Frongillo, Ragland, Hogg, Riley, & Bangsberg, 2009c),
worsened immunologic status (S. D. Weiser et al., 2009a), increased incidence of serious
illness (S. D. Weiser et al., 2011a), and increased mortality (S. D. Weiser, Fernandes,
Brandson, Lima, Anema, Bangsberg et al., 2009b).
Because of the myriad ways in which food insecurity can compromise the effectiveness of
HIV treatment and care programs in resource-limited settings, international policymakers
such as the World Food Programme (WFP) have emphasized the importance of
understanding the determinants of food insecurity in order to appropriately integrate food
insecurity interventions into HIV/AIDS programming (World Food Programme, 2003). Yet
policymakers and programmers have received little guidance from the published literature.
With few exceptions (Hadley, Mulder, & Fitzherbert, 2007; Maes et al., 2010), most of the
data on the determinants of food insecurity have been derived from resource-rich settings
(Alaimo et al., 1998; Dean & Sharkey, 2011; Heflin, Corcoran, & Siefert, 2007; Lee &
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Frongillo, 2001; Nelson et al., 1998; D. Rose, 1999a). Only four cross-sectional studies have
examined determinants of food insecurity among PLWHA in the U.S. (Vogenthaler, Hadley,
Lewis, Rodriguez, Metsch, & del Rio, 2010; S. D. Weiser et al., 2009a) and Canada
(Anema, Weiser, Fernandes, Ding, Brandson, Palmer et al., 2011; Normen et al., 2005). Our
literature review revealed no published studies to date that have examined determinants of
food insecurity among PLWHA in resource-limited settings.
Conceptual Framework: Social Support, HIV Stigma, and Food Insecurity
Because food procurement is fundamentally a social process in many resource-limited
settings (Okoror, Airhihenbuwa, Zungu, Makofani, Brown, & Iwelunmor, 2007),
interventions targeting social support and HIV-related stigma may have beneficial effects on
food insecurity. However, there is little research examining the effects of social support and
HIV-related stigma on the experience of food insecurity among PLWHA in any setting. For
most persons, food availability is determined by household resources and/or food production
(Campbell, 1991; S. D. Weiser et al., 2011b) or, when these are insufficient to meet demand,
government and private food aid (Campbell, 1991). Altruistic and transactional exchanges
within the family and other social networks may be of immense importance in resource-
limited settings where formal safety nets provide inadequate insurance against health,
agricultural, or income shocks (Carter & Maluccio, 2003; de Weerdt & Dercon, 2006; la
Ferrara, 2003). Social support is conceptualized as the emotional, financial, or instrumental
benefits derived from social networks (Berkman, 1984; Broadhead, Kaplan, James, Wagner,
Schoenbach, Grimson et al., 1983). Coping strategies that draw on social supports may
include sharing meals, borrowing money, and obtaining direct food assistance (Heumann,
2010; Kaschula, 2011; Ware, Idoko, Kaaya, Biraro, Wyatt, Agbaji et al., 2009).
Correspondingly, in resource-rich settings, food insecurity has been found to be correlated
with social isolation (Lee & Frongillo, 2001) and inversely correlated with social support
(Garasky, Morton, & Greder, 2006). One cross-sectional analysis of data from rural
Tanzania has shown that greater instrumental social support was positively correlated with
food security (Hadley et al., 2007).
PLWHA may face additional barriers to achieving food security due to HIV-related stigma.
Although greater availability of ART has attenuated the fear and uncertainty surrounding
HIV/AIDS (Abadia-Barrero & Castro, 2006; W. R. Wolfe, Weiser, Leiter, Steward, Percy-
de Korte, Phaladze et al., 2008), stigmatizing attitudes and beliefs about HIV/AIDS
nonetheless remain widely held in resource-limited settings (Genberg, Hlavka, Konda,
Maman, Chariyalertsak, Chingono et al., 2009; Simbayi, Kalichman, Strebel, Cloete, Henda,
& Mqeketo, 2007; W.R. Wolfe, Weiser, Bangsberg, Thior, Makhema, Dickinson et al.,
2006). Enacted stigma, which is conceptualized as overt actions of discrimination and
hostility directed towards PLWHA whose serostatus has been disclosed (Steward, Herek,
Ramakrishna, Bharat, Chandy, Wrubel et al., 2008), may cause PLWHA to suffer
discrimination-related job loss (W.R. Wolfe et al., 2006), experience erosion in their social
support networks (Danziger, 1994; S.C. Kalichman, Simbayi, Cloete, Mthembu, Mkhonta,
& Ginindza, 2009; Mak, Cheung, Law, Woo, Li, & Chung, 2007), be barred from
purchasing food in the marketplace (Daniel, 1991), or have difficulties selling goods to wary
non-infected persons (McGrath, Ankrah, Schumann, Nkumbi, & Lubega, 1993; Muyinda,
Seeley, Pickering, & Barton, 1997). Consistent with these reports, in the 2004–05 Uganda
HIV/AIDS Sero-Behavioural Survey, 29 percent of men and 41 percent of women reported
that they would not buy sugar or fresh vegetables from a market vendor with HIV (Uganda
Ministry of Health, 2006). Qualitative research from South Africa has also described
difficulties faced by PLWHA in securing social transfers of food from neighbors (Kaschula,
2009). Taken together, these multiple lines of evidence suggest that serostatus disclosure,
HIV-related stigma, and the erosion of social support may compromise the ability of
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PLWHA to secure food for their households. However, this has been the subject of little
empirical research. We therefore undertook a study to understand the correlates of food
insecurity among PLWHA in rural Uganda, with a specific focus on the associations with
social support, HIV-related stigma, and HIV serostatus disclosure.
METHODS
Participants and Setting
Mbarara District (population 427,000) is located in a rural area of Uganda, 275 kilometers
southwest of Kampala, or approximately five hours’ driving by automobile. The local
economy is largely based on subsistence agriculture. The town of Mbarara (population
82,000) is the primary commercial hub, but the majority of residents of the district (92%)
live in outlying rural areas. The majority of the population is ethnically Ankole, and the
main local language is Runyankole. HIV prevalence in southwest Uganda is approximately
6% (Uganda Ministry of Health, 2006). The Mbarara Regional Referral Hospital Immune
Suppression Syndrome (ISS) Clinic dispenses free ART for PLWHA throughout
southwestern Uganda and parts of Rwanda and the Democratic Republic of the Congo
(Geng, Bwana, Kabakyenga, Muyindike, Emenyonu, Musinguzi et al., 2010).
Data for the analyses presented in this paper were drawn from the Uganda AIDS Rural
Treatment Outcomes (UARTO) study. The UARTO study recruited patients from the ISS
Clinic who were initiating ART. All ART-naïve patients above 18 years of age who were
initiating free ART and who lived within 20 kilometers of the ISS Clinic were eligible to
participate. Written consent was obtained from all study participants. In the event that there
were cultural literacy reasons why a signature was not appropriate, participants were
allowed to mark consent forms with an “X”. Study participants were interviewed every three
months by a research assistant who spoke the local language (Runyankole). Survey
questions were translated into Runyankole, back-translated into English to ensure accuracy
of interpretation, further modified through focus groups with key informants, and then pilot-
tested to ensure clarity and relevance. Although the UARTO study was initiated in 2005, the
questions on food security, HIV-related stigma, and social support were not added to the
questionnaire until 2007. Therefore the data for these analyses are based only on data from
2007 onwards. All study interviews, which take approximately one hour to complete, took
place in a private room at the site research office, which is located adjacent to the ISS Clinic.
Ethical approval for all study procedures was obtained by the Committee on Human
Research, University of California at San Francisco; the Partners Human Research
Committee at Massachusetts General Hospital; the Institutional Ethical Review Committee,
Mbarara University; and the Uganda National Council of Science and Technology.
Measurement of Key Covariates
The dependent variable of interest was food insecurity, measured using the Household Food
Insecurity Access Scale (HFIAS) (Coates, Swindale, & Bilinsky, 2006). Higher scores
indicate more severe food insecurity, and the scores can also be used to assign households
and populations to categories of severity ranging from food secure, mildly food insecure,
moderately food insecure, to severely food insecure. At baseline, the Cronbach’s alpha was
0.91, indicating a high degree of internal consistency. In order to appropriately manage
study participants’ potential expectations about food aid and to minimize the risk of
upwardly-biased scoring, research assistants explicitly informed participants that food would
not be distributed during or after the study. The HFIAS was administered at baseline (i.e.,
when the food insecurity sub-study was initiated) and at each quarterly follow-up interview.
(Details on the HFIAS and the other scales described in this section are set out in the
Electronic Appendix available only with the online version of the paper.)
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Based on our review of the literature, we hypothesized that the following variables would
affect food insecurity: HIV serostatus disclosure, social support, and HIV-related stigma.
These variables, assessed at baseline and at each quarterly follow-up interview, were
measured using a mix of single questions and multiple-item scales. Disclosure status was
measured by a single binary variable indicating whether or not the study participant had
disclosed her HIV status to a neighbor within the past three months. The survey instrument
also inquired about disclosure to family members, but nearly all participants had disclosed to
a family member at baseline. Because this did not provide sufficient variation to assess
correlation with the outcomes of interest, we used the disclosure to neighbor variable
instead. To measure social support, we used the Functional Social Support Scale (Antelman,
Smith Fawzi, Kaaya, Mbwambo, Msamanga, Hunter et al., 2001), a modified version of the
Duke University-University of North Carolina Functional Support Questionnaire
(Broadhead, Gehlbach, de Gruy, & Kaplan, 1988) consisting of questions related to
perceived emotional and instrumental support. Higher scores reflected higher levels of social
support. At baseline, the Cronbach’s alpha was 0.91, indicating a high degree of internal
consistency.
We used two different variables for enacted and internalized stigma. Internalized stigma
refers to the extent to which PLWHA accept their discredited status as valid and develop
self-defacing internal representations of themselves as PLWHA, whereas enacted stigma
refers to overt acts of discrimination directed towards PLWHA because of his or her
perceived stigmatized status (Steward et al., 2008). To measure internalized stigma, we used
the Internalized AIDS-Related Stigma Scale (S.C. Kalichman et al., 2009). Higher scores
indicate a greater degree of internalized stigma. At baseline, the Cronbach’s alpha was 0.73,
indicating an acceptable degree of internal consistency (and similar to the reliability scores
obtained in the original validation study (S.C. Kalichman et al., 2009)). To measure enacted
stigma, we developed a scale consisting of 13 items asking participants about whether they
had ever (at baseline) or within the past three months (at baseline and at each quarterly
follow-up interview) experienced various discriminatory events, such as abandonment,
housing or property loss, or physical violence (Nyblade & MacQuarrie, 2006). The enacted
stigma scale was calculated as the total sum of the 13 items, with each item scored on a
binary yes/no scale. The maximum score was 13, with higher scores indicating greater
degrees of enacted stigma experienced by the study participant. At baseline, the Cronbach’s
alpha was 0.72, similar to the reliability of the internalized stigma scale.
Other Demographic and Clinical Covariates
In the multivariable regression models detailed below, we adjusted for other baseline (time-
invariant) covariates identified in prior work as potentially important correlates of food
insecurity, i.e., “anything that limits either the household resources (money, time,
information, health, etc.) or the proportion of those resources available for food acquisition”
(Campbell, 1991)(413). Numerous studies, most of them from resource-rich settings, have
identified various measures of household income, assets (e.g., home or land ownership), or
wealth as consistent correlates of food insecurity (Alaimo et al., 1998; Lee & Frongillo,
2001; Maes et al., 2010; Nelson et al., 1998; Normen et al., 2005; D. Rose, 1999a). To
partition our sample by household wealth, we created a household asset index following the
methodology proposed by (Filmer & Pritchett, 2001) (see Electronic Appendix). Higher
values of the asset index indicate greater relative household wealth (i.e., compared to other
households in the sample). The asset index was entered into the regression models as a
continuous variable.
We also adjusted for baseline employment status, educational attainment, and household
size (Normen et al., 2005; D. Rose, 1999a; D. Rose, Gundersen, & Oliveira, 1998).
Employment status at baseline was measured as a binary variable equal to unity if the
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participant was unemployed. Educational attainment at baseline was measured as a binary
variable equal to unity if the participant had achieved at least a secondary level of education.
Household size was measured as the total number of persons in the participant’s household
(not including the spouse or partner) at baseline.
Our baseline adjustments for health status were more extensive than those used in previous
studies (Alaimo et al., 1998; Anema et al., 2011; S. D. Weiser et al., 2009a) and included
binary indicator variables for the following: self-reported history of an opportunistic
infection listed in the World Health Organization (WHO) stage IV revised clinical staging of
HIV/AIDS; body mass index (BMI) <18.5, indicating underweight or severely underweight;
positive screening test for heavy drinking as measured by the three-item consumption subset
of the Alcohol Use Disorders Identification Test (AUDIT-C) (Bush, Kivlahan, McDonell,
Fihn, & Bradley, 1998); and history of any tobacco use. Finally, we also included
adjustments for baseline age, sex, marital status (either married or cohabiting), and distance
to the Mbarara ISS Clinic in hours of travel time (as a proxy for rurality).
We included two additional time-varying variables in the multivariable regression models.
Two binary indicator variables were used to account for seasonality, with the first equal to
unity if the visit occurred during the first rainy season (February or March), and the second
equal to unity if the visit occurred during the second rainy season (October or November).
Duration of HIV antiretroviral treatment was measured in months.
Statistical Analysis
Food insecurity for participant i at time t was modeled as a linear function of social support,
internalized stigma, enacted stigma, and HIV serostatus disclosure at time t, while adjusting
for a vector of baseline demographic and clinical covariates as described previously.
Parameters were estimated using least squares, with a robust estimator of variance to correct
standard errors for clustering of observations within study participants over time (Froot,
1989; Rogers, 1993; Williams, 2000). Social support, HIV stigma, and serostatus disclosure
were also tested for interactions with sex. To introduce a temporal gap between the exposure
and outcome, we modeled food insecurity for participant i at time t+1 as a function of time-
varying social factors at time t, with the same demographic and clinical adjustments as
detailed above.
Although we adjusted for an extensive set of demographic and clinical covariates, a
potential criticism of the above models is that we may not have adjusted for all variables
confounding the relationship between social factors and food insecurity. We therefore
estimated a fixed effects regression model to account for the omitted variable bias resulting
from any observed or unobserved, time-invariant confounders. The fixed effects models
therefore contained only social support, internalized stigma, enacted stigma, HIV serostatus
disclosure, the seasonal indicator variables, and duration of treatment (and excluded the
fixed, time-invariant baseline demographic and clinical variables). Parameter estimates were
interpreted as the association between changes in the covariates (e.g., increase in social
support from one interview to the next) and changes in food insecurity.
We undertook two additional sensitivity analyses to explore the robustness of our findings.
First, to explore potential nonlinearities, we applied a previously validated scoring algorithm
to the HFIAS values to categorize participants as “severely food insecure” or not (i.e., food
secure, mildly food insecure, or moderately food insecure) (Coates et al., 2006). Using a
probit regression model to identify correlates of severe food insecurity, we obtained
qualitatively similar results (see Electronic Appendix). Second, although loss to follow-up in
the food security sub-study was minimal, differential dropout prior to the food security sub-
study may have enriched the sample for PLWHA who had greater food insecurity and low
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social support. We restricted estimation of the models to the 257 participants who were
ART-naive (i.e., were simultaneously enrolling in both UARTO and the food security sub-
study) and excluded 199 participants who were ART-experienced (i.e., had enrolled in
UARTO prior to 2007). Re-fitting the regression models on this sub-sample yielded
qualitatively similar results (see Electronic Appendix).
RESULTS
The sample consisted of 456 participants followed from August 2007 to July 2010. Twenty
(4.4%) participants were lost to follow up. The median duration of follow-up was 2.1 years
(interquartile range, 1.6–2.8 years). Baseline summary statistics are provided in Table 1. The
sample was predominantly female (71.4%). Median self-reported travel time to the clinic
was 40 minutes. A majority of study participants were ART-naive at the time of the baseline
food insecurity sub-study visit (56.5%). Median treatment duration among ART-experienced
participants was 5.4 months. At baseline, participants reported a median social support score
of 3.9 and internalized stigma score of 1.0. Ninety-three (20.4%) participants had ever
experienced enacted stigma. Slightly less than one-half (46.1%) of participants had disclosed
his or her serostatus to a neighbor.
The overall prevalence of severe food insecurity was 37.9%, and this was greater among
women than among men (41.7% vs. 28.8%; P=0.01). Frank macronutrient malnutrition
appeared to be rare, as only a minority (10.3%) were underweight or severely underweight
with a BMI <18.5. HFIAS was highly variable both between participants and within (i.e.,
over time) participants over the study period. The overall person-quarter mean HFIAS score
was 7.0, with a standard deviation between study participants of 5.4 and a standard deviation
within participants of 4.0. The intra-class correlation coefficient was 0.53, indicating that
there was considerable variation between participants as well as within participants over
time. Nearly one-half (41.0%) of participants were food insecure, and 9.0% were severely
food insecure, for the entire duration of follow-up.
Univariable pooled cross-sectional estimates of the association between HFIAS and
demographic, clinical, and social factors are displayed in the first column of Table 2.
Women had a higher mean level of food insecurity: compared to men, women had a 2.10
point greater HFIAS (95% CI, 1.17–3.02), a 32.5% relative increase in intensity compared
to the mean HFIAS across men at baseline. Indicators of low socioeconomic status were all
associated with greater food insecurity: low educational attainment, low household asset
wealth, and unemployment. Serostatus disclosure, lower social support, and greater
internalized stigma were also associated with greater food insecurity.
Many of these associations remained statistically significant in the multivariable regression
model (second column, Table 2). Baseline household asset wealth was inversely associated
with food insecurity (P<0.001), and its effects were also large in magnitude. Participants
with the lowest asset index values had a predicted mean HFIAS of 9.99 (95% CI, 8.87–
11.11), whereas participants with the highest asset index values had a predicted mean
HFIAS of 1.25 (95% CI, −0.85 to 3.34), an eightfold difference in food insecurity intensity.
Seasonality was also observed in food insecurity.
Serostatus disclosure, social support, and HIV stigma had statistically significant
associations with food insecurity. A one point greater difference in the functional social
support scale was associated with a 2.02 point lower HFIAS (95% CI, −2.79 to −1.26).
There was nearly a twofold difference in food insecurity scores across the range of social
support intensity: participants with the lowest social support scores had a predicted mean
HFIAS of 11.36 (95% CI, 9.60–13.12), whereas participants with the highest social support
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scores had a predicted mean HFIAS of 6.30 (95% CI, 5.86–6.75). Internalized stigma also
had a statistically significant association with HFIAS: the predicted mean HFIAS was 6.46
(95% CI, 6.00–6.91) at the lowest stigma score and 9.43 (95% CI, 8.18–10.69) at the highest
score. We tested serostatus disclosure, social support, and HIV stigma for interactions by
sex, but these were not statistically significant (P-values ranged from 0.46 to 0.99). With
lagged covariates (third column, Table 2), the association of serostatus disclosure with food
insecurity was no longer statistically significant. However, both social support and
internalized stigma retained statistically significant associations with food insecurity.
Results from the fixed effects specification are displayed in Table 3. Because observed time-
invariant variables (e.g., sex) are collinear with the fixed effects, their associations with the
outcome could not be estimated. In this specification, social support and internalized stigma
retained statistically significant associations with food insecurity. Each one-point increase
(i.e., from one time period to the next) in social support was associated with a 0.66 decrease
(95% CI, −1.21 to −0.10) in HFIAS. Similarly, increases in internalized and enacted stigma
intensity were associated with increases in HFIAS. New HIV serostatus disclosures were not
associated with changes in food insecurity, suggesting that unobserved time-invariant
confounders (e.g., resilience or coping style) could explain the statistically significant
associations observed in the pooled cross-sectional results. The joint statistical significance
of the fixed effects was supported by a F-test (P<0.001) indicating that changes in HIV
stigma and social support did not fully subsume the influence of individuals on changes food
insecurity.
DISCUSSION
This study demonstrated that food insecurity is common among a sample of PLWHA
accessing ART in a rural sub-Saharan African setting. We also showed that lower levels of
social support and greater levels of internalized HIV-related stigma are strong predictors of
food insecurity in this context. These effects persisted after adjusting for household wealth,
employment status, and other demographic variables previously found to be correlated with
food insecurity and remained robust to alternative lagged and fixed effects specifications.
Given that food insecurity is so widespread in many resource-limited settings worldwide and
given its increasing recognition as an important contributor to morbidity and mortality
among PLWHA, our findings have important programming and policy implications for the
care of PLWHA in resource-limited settings.
Although a handful of studies have identified correlates of food insecurity in resource-
limited settings, less research has focused on food insecurity among PLWHA: our literature
review identified four published studies based on data from the U.S. (Vogenthaler et al.,
2010; S. D. Weiser et al., 2009a) and Canada (Anema et al., 2011; Normen et al., 2005). In
these studies, the estimated prevalence of any food insecurity ranged from 34–71%,
comparable to the baseline prevalence estimated in our study. Our study provides a
longitudinal assessment of social determinants of food insecurity among PLWHA in a
resource-limited setting. In this sample of PLWHA accessing ART in rural Uganda, three-
quarters reported some degree of food insecurity, and more than one-third reported severe
food insecurity. Since our data spanned all months of the year over a multi-year period, we
were able to also observe that food insecurity varied by season. However the effects of
seasonality were smaller in magnitude compared to other variables, namely, household
wealth, social support, and gender. Women in our sample experienced a higher degree of
food insecurity than did the men. This is consistent to what has been observed in other
resource-limited settings (Anema, Vogenthaler, Frongillo, Kadiyala, & Weiser, 2009). Due
to gender inequities in intra-household resource allocation, women and female children are
frequently the first household members to bear the brunt of adverse agricultural and income
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shocks (Behrman, 1988; Dercon & Krishnan, 2000; E. Rose, 1999b). Given the central role
of food security in heightening HIV risk among women (Miller, Bangsberg, Tuller,
Senkungu, Kawuma, Frongillo et al., 2010; S. D. Weiser, Leiter, Bangsberg, Butler, Percy-
de Korte, Hlanze et al., 2007) and worsening clinical outcomes among those already
infected (Anema et al., 2009; S. D. Weiser et al., 2011b), this may contribute to widening
the gender inequities observed in the distribution of HIV/AIDS harms worldwide.
This study is additionally notable for its focus on social determinants of food insecurity. We
found that food insecurity was related to internalized HIV-related stigma and inversely
related to social support. These findings are consistent with a recently published conceptual
model of the bidirectional linkages between food insecurity and HIV/AIDS (S. D. Weiser et
al., 2011b). In this conceptual model, food insecurity is not only worsened by physical
factors such as HIV-related illness leading to job loss and asset depletion, but also by social
factors such as HIV-related stigma leading to reduced ability to draw on social networks for
instrumental assistance. In our study, the estimated effect of internalized stigma was more
robust than that of enacted stigma across the different specifications. To the extent that the
effects of internalized stigma can be reliably disentangled from and compared to the effects
of enacted stigma, this finding is less consistent with a hypothesis of active discrimination
that prevents access to food and more consistent with a hypothesis of stigma-induced social
withdrawal that prevents PLWHA from accessing instrumental help to secure food. Similar
patterns have been observed in other settings, where social support and HIV-related stigma
have been identified as critical determinants of ART adherence (Bangsberg & Deeks, 2010;
Crane, Kawuma, Oyugi, Byakika, Moss, Bourgois et al., 2006; Tsai & Bangsberg, 2011;
Ware et al., 2009).
There is a large literature on the relationship between social capital, social support, and
health status (Berkman, 1984; Berkman, Glass, Brissette, & Seeman, 2000; Berkman &
Syme, 1979; Broadhead et al., 1983), but food insecurity has been less well studied. Data
from the U.S. have linked measures of social isolation, social support, and/or social capital
to related constructs, including food insecurity (Dean & Sharkey, 2011; Martin, Rogers,
Cook, & Joseph, 2004) and nutritional risk (Locher, Ritchie, Roth, Baker, Bodner, &
Allman, 2005). Notably, clinical data were unavailable in all three of these U.S.-based
studies. Martin et al. (2004) hypothesized that households with greater social capital can
more easily obtain food from neighbors or borrow a neighbor’s car to get to the
supermarket. This is consistent with observations made by Kawachi (1999) and others
(Kawachi, Kim, Coutts, & Subramanian, 2004; Putnam, 2004; Szreter & Woolcock, 2004)
that the salubrious effects of social capital likely operate through access to various forms of
instrumental social support.
Interpretation of our findings is subject to several limitations. First, our parameter estimates
have an associational, not a causal, interpretation. Given that lack of food may prompt
persons to procure food in socially unacceptable ways (Radimer, Olson, & Campbell, 1990),
the observed association between social support and food insecurity could instead be
explained by food insecurity resulting in adverse social sequelae that erodes social support.
In the lagged specification, which we used to strengthen our confidence in the directionality
of our findings, the effects of disclosure and HIV stigma were not statistically significant.
This suggested either that they are not causally related to food insecurity or that their effects
on food insecurity are more immediate than would be captured with a three-month lag.
Second, HIV stigma and social support, as well as food insecurity, were self-reported and
consisted largely of the study participant’s observations and perceptions. A study
participant’s personality and temperament may affect the perception of social support and
may also affect the ability to effectively procure food or cope with the uncertain availability
of food. However, social support retained a statistically significant association with food
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insecurity even after adjusting for all observed and unobserved time-invariant confounders
(such as personality) using fixed effects regression, thereby ruling out the possibility of
confounding by personality or temperament. Third, our findings may not be generalizable to
other contexts. Related to this, the sample was comprised of mostly women. The ISS Clinic
is a prototypical clinic funded by the U.S. President’s Emergency Plan for AIDS Relief to
provide HIV treatment and care services (Geng et al., 2010), and it is well known that in
resource-limited settings most PLWHA accessing treatment are women (Braitstein, Boulle,
Nash, Brinkhof, Dabis, Laurent et al., 2008; Muula, Ngulube, Siziya, Makupe, Umar,
Prozesky et al., 2007). HIV testing among women attending antenatal care has been reported
as an important entry point for women into HIV treatment and may be an important factor in
explaining these trends (Stringer, Stringer, Cliver, Goldenberg, & Goepfert, 2001). We may
have had limited power to detect differences in food insecurity between men and women,
but the data suggest that the two subgroups are statistically different in this respect. Finally,
the stigma attached to HIV in Uganda is not dissimilar to the experience of PLWHA in other
sub-Saharan African settings (Genberg et al., 2009; Genberg, Kawichai, Chingono, Sendah,
Chariyalertsak, Konda et al., 2008; S. C. Kalichman, Simbayi, Jooste, Toefy, Cain, Cherry et
al., 2005). These factors would tend to support the generalizability of our findings.
In summary, we found that food insecurity is highly prevalent among ART-treated PLWHA
in our study area in rural Uganda, especially women, and that it is seasonal and closely
linked to HIV-related stigma and social support. The WHO, UNAIDS, and WFP have
recommended incorporating food and nutrition interventions into HIV/AIDS programming
(UNAIDS, 2008; World Food Programme, 2003), but more research is needed to guide the
targeting of such interventions (Tirivayi & Groot, 2011). Our study provides a quantitative
assessment of determinants of food insecurity among PLWHA in a resource-limited setting
and suggests several demographic, seasonal, and social points of intervention. Specifically,
structural interventions are needed to address unequal gender relations (Zierler & Krieger,
1997), food insecurity (S. D. Weiser et al., 2010), social capital (Feigenberg, Field, & Pande,
2010; Pronyk, Harpham, Busza, Phetla, Morison, Hargreaves et al., 2008; Sanyal, 2009),
and/or HIV-related stigma (Ehiri, Anyanwu, Donath, Kanu, & Jolly, 2005) in the context of
ongoing HIV treatment. For example, microcredit and/or micro-irrigation interventions
developed for PLWHA may address some of these levers simultaneously. These strategies
have been explored (Ashburn, Kerrigan, & Sweat, 2008; Pandit, Sirotin, Tittle, Onjolo,
Bukusi, & Cohen, 2010) and may prove, with further randomized study, to be promising
interventions that can interrupt the cycle of food insecurity and HIV/AIDS.
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Adequate food is critical to health for PLWHA, but little research has examined
determinants of food insecurity among PLWHA in resource-limited settings
We found that social support and HIV-related stigma were robustly associated with
food insecurity
Using longitudinal data, we found these associations to be robust to multiple
specifications, including lagged covariates and fixed effects
Interventions to reduce HIV-related stigma & improve social support for PLWHA
may help to interrupt the cycle of food insecurity and HIV
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TABLE 1
Summary statistics at baseline (N=456)
Variable name




Household Food Insecurity Access Scale (HFIAS), total score 7 (1–13) 6
HFIAS category 4
 Food secure 112 (24.6%)
 Mildly food insecure 32 (7.0%)
 Moderately food insecure 135 (29.6%)
 Severely food insecure 173 (37.9%)
Age (years) 35 (29–40) 6
Female 324 (71.1%) 0
Married 204 (44.7%) 0
Household size 3 (1–5) 2
Achieved secondary education 109 (23.9%) 0
Filmer-Pritchett asset index −0.3 (−1.5 to 1.2) 26
Unemployed 133 (29.2%) 7
Distance to Mbarara ISS Clinic (hours) 0.7 (0.5–1) 1
Positive screening test for heavy drinking 35 (7.7%) 22
Any history of tobacco use 104 (22.8%) 16
Season of baseline visit 0
 Dry season 183 (40.1%)
 First planting season (February or March) 53 (11.4%)
 Second planting season (October or November) 221 (48.5%)
ART-naive 257 (56.4%) 0
Duration of antiretroviral treatment, among ART-experienced (months) 5.4 (0–11.9) 0
Self-reported history of opportunistic infection 142 (31.1%) 6
BMI category 23
 Severely underweight (<16.5) 8 (1.8%)
 Underweight (16.5 to <18.5) 39 (8.6%)
 Normal (18.5 to <25) 302 (66.2%)
 Overweight (25 to <30) 69 (15.1%)
 Obese (30 or greater) 15 (3.3%)
Disclosed HIV serostatus to a neighbor 210 (46.1%) 14
Functional Social Support Scale 3.9 (3.5–4.0) 2
Internalized AIDS-Related Stigma Scale 1.0 (0–2) 6
Enacted stigma scale 0 (0–0) 5
Any history of enacted stigma 93 (20.4%) 13
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TABLE 3
Fixed-effects estimates of the associations between change in food insecurity and changes in social support,
HIV stigma, and serostatus disclosure (N=456)
Variable name b (95% CI)
Season of visit
 Dry season Ref
 First planting season (February or March) 0.57 (0.15, 1.00) **
 Second planting season (October or November) 1.31 (0.84, 1.77) ***
Duration of antiretroviral treatment (per month) −0.02 (−0.06, 0.006)
Disclosed HIV serostatus to a neighbor −0.33 (−0.84, 0.19)
Functional Social Support Scale −0.66 (−1.21, −0.10) *
Internalized AIDS-Related Stigma Scale 0.50 (0.32, 0.69) ***
Enacted stigma scale 0.43 (0.05, 0.80) *
*, **, and ***
denote statistical significance at the P<0.05, P<0.01, and P<0.001 levels, respectively
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